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@ A packing ring (2) is characterised by compris-
ing:

a packing (3) obtained by spirally winding a
ribbon of expanded graphite into a roll and compres-
sion moulding said roll; and

an annular mass (4) of superposed sheets of
expanded graphite incorporated into said packing (3)
by compression moulding so as to give rise o a
composite structure having at least one packed part
(10) of increased density in at least one of an inner
peripheral part and an outer peripheral part of said
packing.
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This invention relates primarily to packing rings
but also relates to a method for the production of
the packing rings as well as to seal devices using
the packing rings.

Packing rings can be used extensively as seal
members in parts prone mainly to rotary or recipro-
cating sliding motions or indeed in stationary parts.
For example, they can be used in a seal device to
be interposed between the body or bonnet and the
stem of a valve or in a seal device for fluid-
handling devices and to be incorporated in a pump
shaft sealing part etc. Examples of the fluids for
which the packing rings are effectively used in-
clude gases, liquids and loose solid materials. Par-
ticularly in recent years, the free emission of fluids
from the fluid-handling devices has been posing a
serious problem from the standpoint of preserva-
tion of the earth's environment. From this point of
view, there is a great demand for developing pack-
ing rings which excel in heat resistance and chemi-
cal resistance as well as in sealing.

The packing rings are generally known in two
types.

Those of one type are produced by cutting a
ribbon from a sheet of expanded graphite, winding
the ribbon into a spiral roll and compression
moulding the roll annularly in a die, and those of
the other type are produced by laminating a plural-
ity of sheets of expanded graphite and punching a
ring of prescribed dimensions out of the resultant
lamination.

The packing rings of the two types are inserted
in an empty space adapted for accommodation
thereof and then compressed therein prior to use.

In the case of the packing rings of the former
type, since they easily deform laterally, namely in
the radial direction, under the force of the compres-
sion, they gain in force of contact with a stuffing
box or a shaft and consequently manifest a suffi-
cient sealing function even when the stuffing box or
the shaft lacks dimensional accuracy. However,
such satisfactory sealing function tends to decline
with the elapse of time because the packing rings
easily protrude through gaps such as occurring
between the bottom surface of the stuffing box and
the shaft, between the gland retainer and the shaft
and between the gland retainer and the empty
space of the stuffing box, and consequently entails
a loss in the force of the compression.

Further, since the fastness of adhesion be-
tween the layers of the wound sheet material for-
ming the packing rings is reduced rather than in-
creased by the force of the compression exerted
on the packing rings, the fluid being handled is
liable to permeate the packing rings in the axial
direction. Moreover, the surfaces of the packing
rings which contact other packing rings, the bottom
surface of the stuffing box, or the retaining surface
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of the gland retainer are formed of the end face of
the sheet material which forms the packing rings.
The packing rings thus betray poor fastness of
adhesion on the surfaces in question and tend to
get wet, and the surfaces themselves tend fo sus-
fain injury and demand delicate handling.

Then, in the case of the packing rings of the
latter type, these packing rings do not gain very
much in force of contact with the stuffing box or
the shaft because the ratio at which the packing
rings are deformed laterally, namely in the radial
direction, under the force of the compression is
very small. When the stuffing box or the shaft lacks
accuracy of machining or dimensional accuracy,
therefore, the packing rings tend to entail leakage
of the fluid because of the poor fastness of adhe-
sion. Fortunately, these packing rings preclude the
permeation of fluid therethrough in the axial direc-
tion under the force of compression, manifest sat-
isfactory fastness of adhesion thereof to the bottom
surface of the stuffing box or to the retaining sur-
face of the gland retainer, and permit no ready
leakage of fluid through the interfaces. Further,
these packing rings do not very often protrude
through the empty space for accommodating the
packing rings, namely through the gap between the
bottom part of the stuffing box and the shaft, the
gap between the gland retainer and the shaft and
the gap between the gland retainer and the stuffing
box. The possibility that the packing rings will
protrude to the extent of degrading the force of
compression and sacrificing the sealing function is
remote.

These packing rings are at a disadvantage in
entailing easy vertical separation between the lay-
ers of laminated sheet material, readily sustaining
injury, demanding delicate handling, and calling for
much time and labour for the sake of maintenance.

Figure 18 is a partial longitudinal cross-section
illustrating a seal device which is disclosed in Jap-
anese Ulility Model Publication No. 1-29315 and
which has been proposed for the purpose of utiliz-
ing packing rings of expanded graphite produced
by the two methods described above while elimi-
nating the drawbacks thereof and harnessing the
advantages thereof.

In Figure 18, reference numerals 21 to 25
stand for packing rings of expanded graphite, spe-
cifically numerals 21 and 25 each stand for a
packing ring produced by the latter of the two
methods and numerals 22, 23 and 24 each stand
for a packing ring produced by the former method,
also numeral 26 stands for a stuffing box, numeral
27 for a stem, and numeral 28 for a gland retainer.

As illustrated in Figure 18, the packing rings 21
to 25 are compressed by the gland retainer 28
inside the stuffing box 26.
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As a result, the packing rings 22, 23 and 24
produced by the former method are deformed in
the radial direction and brought into tight contact
with the stuffing box 26 and the stem 27 to pre-
clude the otherwise possible leakage of fluid along
the interfaces of the contact.

The packing rings 21 and 25, meanwhile, pre-
vent leakage therethrough of fluid which might have
permeated through the packing rings 22, 23 and 24
in the axial direction. Further, the packing rings 21
and 25 prevent leakage therethrough of fluid which
might have flowed through the interfaces thereof
with the packing rings 22 or 24, a bottom surface
26a of the stuffing box 26, and a retaining surface
28a of the gland retainer 28. Since the packing
rings 21 and 25 are superposed in a direction
which is perpendicular to a gap A between the
bottom part of the stuffing box 26 and the stem 27,
a gap B between the gland retainer 28 and the
stem 27 and a gap C between the gland retainer
28 and the stuffing box 26, they are suffered fo
protrude through these gaps very rarely.

Even in the seal device which is constructed as
illustrated in Figure 18, however, the packing rings
21 to 25 tend to sustain injury and demand delicate
handling. Particularly, the packing rings 21 and 25
easily separate vertically from the intervening pack-
ing rings 22 to 24 and render the work of main-
tenance thereof difficult. Though they protrude
through the aforementioned gaps A, B and C only
slightly, such protrusion nevertheless remains a
problem. Moreover, this seal device is at a dis-
advantage in insufficiently preventing leakage
therethrough of a gas of small molecular weight or
a solvent of strong osmosis.

One object of the present invention is thus to
provide packing rings of expanded graphite ca-
pable of excellent heat resistance and chemical
resistance and also capable of eliminating the
drawbacks inherent in the conventional packing
rings.

According to the present invention there is
provided:-

a packing ring characterised by comprising: a
packing obtained by spirally winding a ribbon of
expanded graphite into a roll and compression
moulding said roll; and an annular mass of super-
posed sheets of expanded graphite incorporated
into said packing by compression moulding so as
fo give rise to a composite structure having at least
one packed part of increased density in at least
one of an inner peripheral part and an outer periph-
eral part of said packing;

a method for the production of a packing ring,
characterised by comprising the steps of: spirally
winding a ribbon of expanded graphite into a roll;
compression moulding said roll into a packing;
disposing an annular mass of superposed sheets of
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expanded graphite at a position in or against said
packing; and compression moulding within a
moulding die so as to give rise to a composite
structure having at least one packed part of in-
creased density in at least one of an inner periph-
eral part and an outer peripheral part of said pack-
ing; and

a seal device having an empty space through
which a shaft passes, and containing at least one
packing ring in said empty space in a compressed
fashion to seal between an inner wall of said empty
space and an outer peripheral surface of said shaft,
said at least one packing ring being characterised
by comprising a packing obtained by spirally wind-
ing a ribbon of expanded graphite into a roll and
compression moulding said roll, and an annular
mass of superposed sheets of expanded graphite
incorporated into said packing by compression
moulding so as to give rise to a composite struc-
ture having at least one packed part of increased
density in at least one of an inner peripheral part
and an outer peripheral part of said packing.

Several embodiments of the present invention,
and an embodiment of the prior art, are shown, by
way of example only, in the accompanying draw-
ings wherein:-

Figures 1 to 10 are halved perspective views
illustrating different examples of packing rings
according to the present invention;

Figures 11 to 14 are sectioned explanatory
views of the packing rings shown in Figures 1 to
4 respectively;

Figure 15 is a partial cross-section illustrating
one example of a seal device according fo the
present invention;

Figure 16 is a partial cross-section illustrating
another example of a seal device according to
the present invention;

Figure 17 is a diagram representing the resulis
of a test for comparison between the seal de-
vices of the present invention and the seal de-
vices of the prior art; and

Figure 18 is a partial cross-section illustrating
one example of a prior art seal device.

In each of Figures 1 to 14, reference numeral 2
designates a packing ring - although the packing
ring 2 is an endless ring, a cord-like packing adapt-
ed to be inserted in the shape of a ring in an
empty space for accommodation of a packing ring
may be used instead.

The packing ring 2 comprises a packing 3
formed by spirally winding a ribbon of expanded
graphite into a roll and compression moulding the
roll, and an annular mass 4 of superposed sheets
of expanded graphite. The annular mass 4 has an
inside diameter larger than the inside diameter of
the packing 3 and/or has an outside diameter
smaller than the outside diameter of the packing 3.
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The packing rings 2 shown in Figures 1 to 14 are
invariably composite structures having one or two
annular masses 4 incorporated in the packing 3.

In all of the packing rings 2, the packing 3 is
extended past either one or both of the inner
peripheral part 4a and the outer peripheral part 4b
of the annular mass 4. In other words, the packing
3 is driven to at least one of the inner and outer
peripheral parts 4a and 4b of the annular mass 4 to
give rise to a packed part 10 of a density higher
than that of the packing 3. The packed part 10 is
formed in a portion of the packing 3 resulting from
the difference in diameter between the annular
mass 4 and the packing 3.

In all of the packing rings 2, the packings 3
formed by spirally winding a ribbon of expanded
graphite into a roll and compression moulding the
roll have a density in the range of 0.7 to 1.9 g/cc,
preferably in the range of 1.0 to 1.5 g/cc (1.3 g/cc,
for example) and the annular masses 4 of super-
posed sheets of expanded graphite have a density
in the range of 0.7 to 1.9 g/cc, preferably less than
that of the packings 3.

The packing rings 2 are invariably produced by
spirally winding a ribbon of expanded graphite into
a roll, compression moulding the roll into a packing
3 having a predetermined inside diameter and a
predetermined outside diameter, disposing at least
one annular mass 4 of superposed sheets of ex-
panded graphite having a larger inside diameter
than the packing 3 and/or having a smaller outside
diameter than the packing 3 at a given position or
positions in the packing 3, and compression mould-
ing the resultant composite within a moulding die
(not shown) so as to give rise to a packed part 10
of a density higher than that of the packing 3 in a
portion of the packing 3 resulting from the dif-
ference in diameter between the annular mass 4
and the packing 3.

The packing rings 2 shown in Figures 1 o 4
have two annular masses 4 of superposed sheets
of expanded graphite incorporated one each in the
upper and lower surfaces of a packing 3, the pack-
ing rings 2 shown in Figures 5 to 7 have such a
mass 4 incorporated in the intermediate part of the
packing 3 in the direction of its thickness, and the
packing rings 2 shown in Figures 8 to 10 have
such a mass 4 incorporated in either the upper
surface or the lower surface of the packing 3.

It is desirable to dispose an annular mass 4 of
superposed sheets of expanded graphite on the
inner peripheral part, the outer peripheral part, or
each of both the inner and outer peripheral parts of
a packing 3 formed by spirally winding a ribbon of
expanded graphite into a roll and compression
moulding the roll so as to give rise to a packed
part 10 of a higher density in the relevant area.
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To be specific, the packing ring shown in Fig-
ure 1 has a construction such that each of the
annular masses 4 extends to the outer peripheral
part of the packing 3, thereby giving rise o packed
parts 10 of a density higher than that of the pack-
ing 3 in the relevant areas on the side of the inner
peripheral part of the packing 3. The packing ring
shown in Figure 2 has a construction such that
each of the annular masses 4 extends to the inner
peripheral part, thereby giving rise to packed parts
10 of a density higher than that of the packing 3 in
the relevant areas on the side of the outer periph-
eral part of the packing 3. The packing ring shown
in Figure 3 has a construction such that one of the
annular masses 4 extends to the outer peripheral
part of the packing 3 and the other annular mass 4
extends to the inner peripheral part of the packing
3, thereby giving rise to packed parts 10 having a
higher density than the packing 3 in the relevant
areas, one on the side of the inner peripheral part
of the packing 3 and the other on the side of the
outer peripheral part of the packing 3. The packing
ring shown in Figure 4 has a construction such that
each of the annular masses 4 extends o portions
immediately before the inner and outer peripheral
parts of the packing 3 so as to give rise to packed
parts 10 having a higher density than the packing 3
in the relevant areas on both sides of the inner and
outer peripheral parts of the upper and lower sur-
faces of the packing 3. These configurations of the
packing rings shown in Figures 1 to 4 will be more
clearly understood from Figures 11 o 14, respec-
fively.

The packing ring shown in Figure 5 has a
construction such that the mass 4 extends to the
outer peripheral part of the packing 3, thereby
giving rise to a packed part 10 of a density higher
than that of the packing 3 in the relevant area on
the side of the inner peripheral part of the packing
3. The packing ring 2 shown in Figure 6 has a
construction such that the mass 4 extends to the
inner peripheral part of the packing 3, thereby
giving rise to a packed part 10 of a density higher
than that of the packing 3 in the relevant area on
the side of the outer peripheral part of the packing
3. The packing ring shown in Figure 7 has a
construction such that the mass 4 extends imme-
diately before the inner and outer peripheral parts
of the packing 3, thereby giving rise to packed
parts 10 of a density higher than that of the pack-
ing 3 in the relevant areas on both sides of the
inner and outer peripheral parts of the packing 3.

The packing ring shown in Figure 8 has a
construction such that the mass 4 extends to the
outer peripheral parts of the packing 3, thereby
giving rise to a packed part 10 of a density higher
than that of the packing 3 in the relevant area on
the side of the inner peripheral part of the packing
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3. The packing ring illustrated in Figure 9 has a
construction such that the mass 4 extends to the
inner peripheral part of the packing 3, thereby
giving rise to a packed part 10 having of a density
higher than the packing 3 in the relevant area on
the side of the outer peripheral part of the packing
3. The packing ring shown in Figure 10 has a
construction such that the mass 4 extends imme-
diately before the inner and outer peripheral parts
of the packing 3, thereby giving rise to packed
parts 10 of a density higher than that of the pack-
ing 3 in the relevant areas on both sides of the
inner and outer peripheral parts of the packing 3.

Any of the measures mentioned above proves
advantageous for the sake of this invention.

Figures 15 and 16 are partial cross-sections
showing examples of a seal device 1 according fo
this invention.

In the seal device 1 shown in Figure 15, a
packing ring 2 shown in Figures 2 or 12 is sand-
wiched between two packing rings 2 shown in
Figures 1 or 11, and the three superposed packing
rings 2 are sandwiched between two braided pack-
ing rings 5 formed by braiding a knitting yarn made
of carbon fibres or expanded graphite. The plurality
of superposed packing rings 2 and 5 are inserted
into a stuffing box 8, i.e. an empty space adapted
for accommodation thereof. In the seal device 1
thus constructed, the braided packing rings 5 are
enabled to manifest the function of a wiper ring.

In the seal device 1 illustrated in Figure 16,
three packing rings 2 shown in Figures 3 or 13 are
superposed one on top of another and are sand-
wiched between two braided packing rings 5
formed by braiding a knitting yarn of expanded
graphite. The plurality of superposed packing rings
2 and 5 are inserted into a stuffing box 8, i.e. an
empty space adapted for accommodation thereof.
In this case, the braided packing rings 5 are also
enabled to manifest the function of a wiper ring.
The seal device 1 thus constructed encounters no
frouble pertaining to maintenance because the
packing rings 2 of the same composite construc-
tion are not erroneously incorporated into the seal
device 1 during the assembly of the seal device 1.

The seal device 1 illustrated in Figures 15 or
16 is desirably used in the shaft gland part of a
pump (not shown) or in the seal part of a valve. In
Figures 15 and 16, reference numeral 6 stands for
the stem of the valve, numeral 7 for the body or
bonnet of the valve, and numeral 9 for a gland
retainer.

Now, the operation of the working example will
be described below.

When the packing ring 2 of this invention,
constructed as illustrated in Figures 1 to 14, is set
in place inside the stuffing box 8 and then com-
pressed with the gland retainer 9 as shown in
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Figures 15 and 16, the packings 3 formed by
spirally winding a ribbon of expanded graphite into
a roll and compression moulding the roll easily
deform in the radial direction and consequently
cause the inner and outer peripheral parts thereof
to form a tight seal in a gap L between the stem 6
and the bottom part of the stuffing box 8 and
prevent the otherwise possible leakage through this
gap L and, at the same time, the annular masses 4
of superposed sheets of expanded graphite ob-
struct the possible fluid leakage in the axial direc-
tion through the interfaces between the component
layers of the packings 3. Thus, these packing rings
2 serve as quite excellent seal members for pre-
cluding free emission of the fluids being handled in
fluid-handling devices.

The packing ring 2 in the present invention is a
composite construction which is formed by integ-
rally combining packings 3 and masses 4, i.e. two
members different in texture. The formed packing
ring 2 not only exhibits excellent leakproofness as
described above but also permits easy handling
and simple maintenance owing fo such fastness of
the composition of component members such that
the upper and the lower surfaces of the packing
ring 2 neither sustain injury nor separate vertically
from each other.

The packing ring 2 acquires the optimum seal-
ing property if the density of the packing 3 is set at
about 1.3 g/cc and the density of the annular
masses 4 is set at a level lower than that of the
packing 3, but equal to or higher than about 0.7
g/cc. The packing ring 2, therefore, neither deforms
nor fractures in the process of compression mould-
ing and the produced packing ring 2 sustains injury
only with difficulty.

Further, the possibility that the packing 3 will
protrude through the gap L between the bottom
part of the stuffing box 8 and the stem 6, the gap
M between the gland retainer 9 and the stem 6 and
the gap N between the gland retainer 9 and the
stuffing box 8 can be precluded by the annular
masses 4 of superposed sheets of expanded
graphite. Incidentally, the problem of this protrusion
in the examples illustrated in Figures 15 and 16
can be solved substantially completely by causing
the packing 5 formed by braiding a knitting yarn of
expanded graphite to be driven into the upper and
lower ends of the stuffing box 8, i.e. an empty
space for accommodation of packing rings, which
are not completely closed.

In producing either the packings 3 or the an-
nular masses 4, tolerance in height and diameter is
produced among the packings 3 or annular masses
4. When an annular mass 4 has been incorporated
into a packing 3 by compression moulding into a
packing ring 2, there are some cases, due 1o the
tolerance, where a packed part 10 of the packing 3
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consequently formed has a projection (not shown)
slightly extending in the axial direction of the pack-
ing ring 2 and where the annular mass 4 has a
moderate slope (not shown). When such packing
rings 2 are set in place inside the stuffing box 8
and compressed by the gland retainer 9, the pro-
jection and slope are tightened to induce stress in
the radial direction, thereby obtaining a large seal-
ing effect.

The seal device 1 illustrated in Figures 15 or
16, comprising a total of three superposed packing
rings 2 formed of expanded graphite of a relatively
small friction coefficient relative to the stem 6 in
the shape illustrated in Figures 1 and 2 or in the
shape illustrated in Figure 3 and packing rings 5
formed by braiding a knitting yarn of expanded
graphite and adjoined one each to the opposite end
parts of the superposed packing rings 2 proves
very effective.

To confirm the sealing effect of the seal de-
vices of this invention, three samples, namely a
seal device having packing rings disposed as illus-
trated in Figures 15 or 16 (hereinafter referred to as
"Product X"), a seal device having conventional
packing rings disposed as illustrated in Figure 18
(hereinafter referred to as "Product Y"), and a seal
device simply combining five packing rings ob-
tained by spirally winding a ribbon of expanded
graphite into a roll and compression moulding the
roll (hereinafter referred to as "Product Z"), were
tested for appropriate tightening stress determined
in terms of the folerable leakage. The conditions
under which the test was carried out and the proce-
dure which was adopted for the test are specified
as follows.

Nominal dimension of each of Products X, Y and Z:

24 mm x 37 mm x 6.5 mm.

Tightening stress:

100 kgf/cm? at the beginning and successively
increased every 50 kgf/cm?.
Fluid sealed:

He gas having a pressure of 52.7 kgf/cm?.
Temperature:

Room temperature (23°C £ 1°C).

Leakage measuring apparatus:

A He gas leakage detector.
Concentration of tolerable leakage of He gas:

80 ppm (not more than 0.001 cc/min in terms
of the amount of He gas leaked).
Procedure:

After the tightening stress of a gland retainer
was set at 100 kgf/cm?, a valve was loaded with He
gas and, ten minutes after the loading, the amount
of He gas leaked was measured. This was re-
peated after the tightening stress was increased by
50 kgf/cm? per procedure.

The results of this test were as shown in the
characteristic curves of Figure 17 plotting the re-
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sults of the test for appropriate tightening stress. It
is clearly noted from the characteristic diagram of
Figure 17 that the appropriate tightening stress of
Product X of this invention for the tolerable leakage
is as small as 170 kgf/lcm?. In contrast, Product Y
and Product Z failed to satisfy the tolerable leak-
age. The numerals indicated along the vertical axis
of Figure 17 represent leakage concentrations (in
ppm) reduced from the amounts of leakage by the
aspiration method.

As described above, the packing ring of this
invention and the seal device using such packing
rings of the invention excel in proofness against
heat and chemicals and in sealability, completely
obstruct leakage of a gas of small molecular weight
and a solvent of strong osmosis, preclude protru-
sion of packing through the gap between a stuffing
box and a stem, the gap between a gland retainer
and the stuffing box and the gap between the stem
and the gland retainer, sustain an injury only with
difficulty, and allow the work of maintenance to be
carried out easily. They can be applied to a wide
variety of valves and other similar devices and
utilized for infallibly preventing a fluid from leaking
and inducing environmental pollution. Thus, this
invention brings about such outstanding effects as
described above.

Claims

1. A packing ring (2) characterised by compris-

ing:

a packing (3) obtained by spirally winding
a ribbon of expanded graphite into a roll and
compression moulding said roll; and

an annular mass (4) of superposed sheets
of expanded graphite incorporated into said
packing (3) by compression moulding so as to
give rise to a composite structure having at
least one packed part (10) of increased density
in at least one of an inner peripheral part and
an outer peripheral part of said packing.

2. A packing ring according to claim 1, charac-
terised in that said packing (3) has a density in
the range of 0.7 g/cc to 1.9 g/cc and said
annular mass (4) has a density in the range of
0.7 g/cc to 1.9 g/cc.

3. A packing ring according to claim 2, charac-
terised in that said packing (3) has a density in
the range of 1.0 g/cc to 1.5 g/cc and said
annular mass (4) has a density lower than said
density of said packing.

4. A packing ring according to any one of claims
1 to 3, characterised in that said annular mass
(4) is incorporated into one of an upper surface
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and a lower surface of said packing (3) and
extends to said outer peripheral part of said
packing to give rise to said packed part (10) in
said inner peripheral part of said one surface
of said packing.

A packing ring according to any one of claims
1 to 3, characterised in that said annular mass
(4) is incorporated into one of an upper surface
and a lower surface of said packing (3) and
extends to said inner peripheral part of said
packing to give rise to said packed part (10) in
said outer peripheral part of said one surface
of said packing.

A packing ring according to any one of claims
1 to 3, characterised in that said annular mass
(4) is incorporated into one of an upper surface
and a lower surface of said packing (3) and
extends immediately before said inner periph-
eral part and said outer peripheral part of said
packing to give rise to said packed part (10) in
each of said inner peripheral part and said
outer peripheral part of said one surface of
said packing.

A packing ring according to any one of claims
1 to 3, characterised in that said annular mass
(4) is incorporated into an intermediate part of
said packing (3) and extends to said outer
peripheral part of said packing to give rise to
said packed part (10) in said inner peripheral
part of said intermediate part of said packing.

A packing ring according to any one of claims
1 to 3, characterised in that said annular mass
(4) is incorporated into an intermediate part of
said packing (3) and extends to said inner
peripheral part of said packing to give rise to
said packed part (10) in said outer peripheral
part of said intermediate part of said packing.

A packing ring according to any one of claims
1 to 3, characterised in that said annular mass
(4) is incorporated into an intermediate part of
said packing (3) and extends immediately be-
fore said inner peripheral part and said outer
peripheral part of said packing to give rise to
said packed part (10) in each of said inner
peripheral part and said outer peripheral part
of said intermediate part of said packing.

A packing ring according to claim 4, charac-
terised in that an additional annular mass (4) of
superposed sheets of expanded graphite is
incorporated into the other of said upper sur-
face and said lower surface of said packing
(3) and extends to said outer peripheral part of
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11.

12,

13.

14.

12

said packing to give rise to another packed
part (10) in said inner peripheral part of said
other surface of said packing.

A packing ring according to claim 5, charac-
terised in that an additional annular mass (4) of
superposed sheets of expanded graphite is
incorporated into the other of said upper sur-
face and said lower surface of said packing
(3) and extends to said inner peripheral part of
said packing to give rise to another packed
part (10) in said outer peripheral part of said
other surface of said packing.

A packing ring according to claim 6, charac-
terised in that an additional annular mass (4) of
superposed sheets of expanded graphite is
incorporated into the other of said upper sur-
face and said lower surface of said packing
(3) and extends immediately before said inner
peripheral part and said outer peripheral part
of said packing to give rise to another packed
part (10) in each of said inner peripheral part
and said outer peripheral part of said other
surface of said packing.

A method for the production of a packing ring,
characterised by comprising the steps of:

spirally winding a ribbon of expanded
graphite into a roll;

compression moulding said roll
packing (3);

disposing an annular mass (4) of super-
posed sheets of expanded graphite at a posi-
tion in or against said packing; and

compression moulding within a moulding
die so as to give rise to a composite structure
having at least one packed part (10) of in-
creased density in at least one of an inner
peripheral part and an outer peripheral part of
said packing.

info a

A seal device (1) having an empty space
through which a shaft (6) passes, and contain-
ing at least one packing ring (2) in said empty
space in a compressed fashion to seal be-
tween an inner wall of said empty space and
an outer peripheral surface of said shaft (6),
said at least one packing ring (2) being charac-
terised by comprising a packing (3) obtained
by spirally winding a ribbon of expanded
graphite into a roll and compression moulding
said roll, and an annular mass (4) of super-
posed sheets of expanded graphite incorpo-
rated into said packing (3) by compression
moulding so as to give rise fo a composite
structure having at least one packed part (10)
of increased density in at least one of an inner
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peripheral part and an outer peripheral part of
said packing.

A seal device according to claim 14, charac-
terised in that a pair of braided packing rings
(5) is provided between which said at least one
packing ring (2) is sandwiched, each of said
braided packing rings (5) being formed by
braiding a knitting yarn of expanded graphite
and being accommodated in said empty
space.

A seal device according to claim 15, charac-
terised in that said at least one packing ring
comprises at least one first packing ring and at
least one second packing ring superposed one
on top of the other,

said first packing ring (2) comprising a
packing (3) obtained by spirally winding a rib-
bon of expanded graphite into a roll and com-
pression moulding said roll and two annular
masses (4) of superposed sheets of expanded
graphite incorporated one each into an upper
surface and a lower surface of said packing (3)
and each extending to an outer peripheral part
of said packing to give rise to a packed part
(10) of increased density in an inner peripheral
part of each of said upper surface and said
lower surface of said packing, and

said second packing ring (2) comprising a
packing (3) obtained by spirally winding a rib-
bon of expanded graphite into a roll and com-
pression moulding said roll and two annular
masses (4) of superposed sheets of expanded
graphite incorporated one each into an upper
surface and a lower surface of said packing (3)
and each extending fo an inner peripheral part
of said packing to give rise to a packed part
(10) of increased density in an outer peripheral
part of each of said upper surface and said
lower surface of said packing.

A seal device according to claim 15, charac-
terised in that said at least one packing ring
comprises at least two superposed packing
rings (2), each comprising a packing (3) ob-
tained by spirally winding a ribbon of expand-
ed graphite into a roll and compression mould-
ing said roll and two annular masses (4) of
superposed sheets of expanded graphite incor-
porated one each into an upper surface and a
lower surface of said packing (3) and each
extending immediately before an inner periph-
eral part and an outer peripheral part of said
packing to give rise to a packed part (10) of
increased density in each of said inner periph-
eral part and said outer peripheral part of each
of said upper surface and said lower surface of
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said packing.

18. A seal device according to any one of claims

14 to 17, characterised in that said shaft is a
stem (6) of a valve and said empty space is a
stuffing box (8) formed between said stem (6)
and a body or bonnet (7) of said valve.

19. A seal device according to any one of claims

14 to 17, characterised in that said empty
space is formed in a seal portion of a valve.

20. A seal device according to any one of claims

14 to 17, characterised in that said empty
space is formed in a shaft seal portion of a
pump.
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